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REMARKS 



I, Amendment to the Specification 

The Examiner has objected to the title of the invention as not clearly indicative of the 
invention to which the claims are directed. The Examiner suggests that the title be amended to 
recite the cytokine-binding domain of the specific receptors being examined. Applicants have 
amended the title in accordance with the Examiner's suggestion and respectfully request withdrawal 
of the objection to the title. No new matter has been added to the specification. 

II. Status of the claims 

Claims 1-1 1 and 32-35 were pending in the present application. Claims 1,2, 4-6, 8, 10, 11, and 
32-34 have been amended. Claims 3, 7, 9, and 35 have been canceled. Claims 12-31 have been 
withdrawn as being drawn to a non-elected invention. Claims 36-40 have been newly added. 
Accordingly, upon entry of this Amendment, claims 1, 2, 4-6, 8, 10-34, and 36-40 will be pending. 
No new matter has been added. 

Support for the amendments to the claims and the new claims can be found in the specification 
and claims as originally filed. Support for the term "structure" used in amended claims 1, 2, 4-6, 8, 
10, 11, and 32-35, can be found throughout the specification, for example, at p. 2, 11. 21-23 and 11. 
30-32. 

In particular, support for the amendments to claim 1 , can be found in the specification as 
follows: "human," at pp. 12-13 (human amino acid residues identified in Table 2); "consisting of a 
portion of D4B C said portion defined by a portion of the B'-C loop of D4fl c and a groove defined by 
the B'-C, F'-G' loops and the N-terminal section of D4B C ," at p. 2, 11. 30-31, p. 3, 11. 25-27, p. 4, 11. 8- 
10 and 11. 22-24, and p. 5, 11. 4-6; and "having a surface representation and alignment to a structure 
according to Figure 1" at p. 5, 11. 12-24 and Figure 1. 
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Support for the amendments to claim 4 can be found in previous claim 3 (now canceled). 
Support for the amendments to claims 32-34 can be found in Figure 1C, and at p. 10, 11. 23-30. 
Support for new claims 36 and 38 can be found in the specification at p. 1 1, 11. 3-5 and 11. 21-27. 
Support for new claim 37 can be found in the specification at p. 26, 11. 18-20. Support for new 
claim 39 can be found in the specification at p. 10, 11. 34-37. Support for new claim 40 can be found 
in the specification at p. 11, 11. 7-9. 

III. Election/Restriction 

Applicants thank the Examiner for acknowledging Applicants' election with traverse of Group I 
(claims 1-11) and, further, for acknowledging that Group II (claims 32-35) will be rejoined with 
Group I if the allowed process claims are of the same scope as allowable product claims. 

IV. Rejection of the claims under 35 U.S.C. § 112, If 1 

Claim 1 is rejected under 35 U.S.C. § 1 12, U 1, as failing to comply with the written description 
requirement. Specifically, the Examiner contends that the claims contain subject matter that is not 
described in the specification in such a way as to reasonably convey to one skilled in the art that the 
inventors had possession of the claimed invention at the time the application was filed. 

Applicants note that the Examiner indicates that the specification, on pages 2, 3, 4, and 5, 
provides support for the following claim language: "the domain comprises a portion of the B'-C 
loop of domain 4 and a groove which is defined by the B f -C, F'-G' loops and the N-terminal section 
of domain 4 or an analogous structure" and states that the rejection can be obviated by amending the 
claims to recite the limitations recited in the specification (Office Action dated June 6, 2005, p. 3, 11. 
19-21). Accordingly, Applicants have amended claim 1 to incorporate the language "portion of the 
B'-C loop of D4fl c and a groove defined by the B'-C 1 , F f -G ! loops and the N-terminal section of 
D4B C ." Accordingly, Applicants submit that this rejection has been obviated. 

Claims 1-6, 8, 10-11, and 32-35 are also rejected under 35 U.S.C. § 1 12, f 1, as containing 
subject matter which was not described in the specification in such a way as to reasonably convey to 
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one skilled in the relevant art that the inventors, at the time the application was filed, had possession 
of the claimed invention. The Examiner contends that the specification only sets forth the specific 
residues 338-438 of D4B C expressed using the pEC61 1 vector in E. coli and that an antibody BION- 
IMoAb was raised against D4B C and used to obtain crystals of the antibody and D4B C . Further, the 
Examiner contends that the specification provides no sequence data that might allow one to 
characterize the claimed domain as human, mouse or another species, and that, because species 
homologues often display low sequence identity, identification based solely on sequence similarity 
is impossible. The Examiner further contends that "the structure of the cytokine-binding domain 
being claimed is not described .... [t] he skilled artisan cannot envision the detailed structure of the 
encompassed domain molecules and therefore conception is not achieved until reduction to practice 
has occurred [and] [t]he nucleic acid itself is required." 

Applicants respectfully traverse the rejection. Applicants' invention is the characterization of 
the structure and function of the portion of the three-dimensional structure of domain 4 of the GM- 
CSF/IL-3/IL-5 common beta chain (D4B C ) human receptor involved in cytokine high affinity 
binding and transduction of cytokine signals through the receptor (specification, p. 2, 11. 18-24). 
Applicants' characterization of the claimed structure of the human D4B C receptor led to development 
j of a monoclonal antibody that is the first common antagonist of the GM-CSF, IL-3, and IL-5 

( receptors (specification, p. 2, 11. 15-17). 

I 

The claims have been amended to clarify that the claimed structure is "human." As disclosed in 
the specification, based on the known human D4B C receptor sequence (specification, for example, 
pp. 12-13, human amino acid residues identified in Table 2), it would have been readily understood 
by one having ordinary skill in the art at the time of invention that the disclosed D4B C receptor is 
human. Every reference to a specific amino acid residue recited in the claims and disclosed in the 
specification corresponds to the amino acid sequence of the known human D4B C receptor. The 
sequence data for the human D4B C receptor was well-known by those in the art at the time of the 
invention (Exhibit 1, European Bioinformatics Institute database detailing the human cytokine 
receptor sequence, dated August 1, 1991; Exhibit 2, Hayashida et al., Molecular cloning of a second 
subunit of the receptor for human granulocyte-macrophage colony-stimulating factor (GM-CSF); 
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reconstitution of a high-affinity GM-CSF receptor, PROC. Natl. ACAD. Sci. U.S.A. 87:9655-9659 
(1990)). Indeed, comparison of the known human D4B C sequence with the disclosed and claimed 
amino acid residues shows that Applicants' disclosure is based on examples using the human D4B C 
sequence as disclosed in Exhibits 1 and 2. 

Applicants are under no obligation to include the known human D46 c receptor sequence in the 
body of the specification {Capon v. Eshhar} 2005 U.S. App. LEXIS 16865, *17 and *23 (Fed. Cir. 
2005) (concluding that the Board of Patent Appeals and Interferences erred in determining "that 
'controlling precedent' required inclusion in the specification of the complete nucleotide sequence," 
stating "[w]hen the prior art includes the nucleotide information, precedent does not set a per se rule 
that the information must be determined afresh"); see MPEP § 2163, subsections 2 and 3(a) 
(referring to Hybridtech, Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1379-80 and 1384 
(Fed. Cir. 1986)) for the proposition that "[^formation which is well known in the art need not be 
described in detail in the specification" and that "[t]he description need only describe in detail that 
which is new or not conventional"). Accordingly, one having ordinary skill in the art at the time of 
the invention would have understood that Applicants had possessed the claimed invention. 

Applicants respectfully disagree with the Examiner's contention that "the structure of the 
cytokine-binding domain being claimed is not described .... [t]he skilled artisan cannot envision 
the detailed structure of the encompassed domain molecules and therefore conception is not 
achieved until reduction to practice has occurred .... [and] [t]he nucleic acid itself is required." 
Applicants submit that the claimed structure is set forth in detail in Figures 1-9, and in the 
specification at pp. 9-12, including Tables 1 and 2, and would be readily recognized as 
corresponding to the human D4B C receptor sequence based on the specified amino acid residues 
referred to throughout the specification and the claims which correspond to the human D4B C 
sequence. Applicants submit that the Figures and the written disclosure of the claimed structure in 
light of the known and readily available human D413 c sequence demonstrate possession of the 
claimed invention. 

1 Available at: http://fedcir.gov/opinions/03-148Q.pdf (quotes on pp. 1 1 and 12). 
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Further, Applicants submit that the amendments to the claims to recite "human" and "structure" 
obviate the Examiner's remaining rejections to the claims under 35 U.S.C. § 1 12, ^ 1, for at least 
those reasons provided above. Specifically, Applicants submit that the amendments to the claims 
obviate the Examiner's rejection based on alleged failure to identify whether the claimed D4B C 
receptor sequence is human, mouse or other species. To this end, Applicants take note of the 
Examiner's observation that the "species homologues often display low sequence identity so that 
identification based solely on sequence similarity is impossible." To the contrary, Applicants 
submit that it is, in part, for this reason that one having skill in the art would readily recognize that 
the claimed D46 c receptor sequence is human as the specified amino acid residues are drawn by 
number to the corresponding amino acid sequence of the claimed D4B C human receptor. 

Applicants respectfully request that the rejection be withdrawn. 

V. Rejection of the claims under 35 U.S.C. § 112, f 2 

Claims 1-6, 8, 10-11, and 32-35 are rejected under 35 U.S.C. § 1 12, f 2 as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which Applicants regard as 
the invention. Specifically, the Examiner contends that claims 1, 2, 4, 6, and 32-35 are vague and 
indefinite because no sequence indentification is recited in the claims, and declares that "[rjecitation 
of these residues in the claim are meaningless in the absence of a reference amino acid sequence" 
(Office Action dated June 6, 2005, p. 7, 11. 16-17). The Examiner further contends that the terms 
"tyrosine residue" in claim 3, "including" in claims 1, 3, and 6, "having" in claim 32, and the phrase 
"fi c chain is derived from a receptor" are unclear. Finally, the Examiner contends that each of 
claims 32-35 is improperly dependent on a method claim, and that claims 5, 8, and 10-11 are vague 
and indefinite insofar as they depend on the above claims for their limitations. 

Applicants respectfully traverse the Examiner's rejection. As noted above in relation to the 
arguments submitted in response to the rejections under 35 U.S.C. § 1 12, If 1, the claims have been 
amended to recite a "human" D4B C receptor. The corresponding human sequence information was 
known by those of skill in the art and readily available to the skilled artisan since at least 1990 
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(Exhibits 1 and 2). Thus, Applicants submit that the claims are clear and definite. Furthermore, 
Applicants submit that amendments to the claims 1, 3, 6, 10, and 32-35 obviate the specific 
rejections made in relation to each of these claims. Accordingly, Applicants respectfully request 
that the rejection of the claims be withdrawn. 

VI. Rejection of the claims under 35 U.S.C. § 102(b) 

Claims 1-6, 8, 9, 10-11, 32-35 are rejected as being anticipated by the WO 97/07215 
('21 5) patent. The Examiner contends that the reference discloses an isolated 13 c chain of the IL-3 
receptor (B c Domain) which binds to at least one cytokine selected from GM-CSF, IL-3 and IL-5, 
the production of antibodies via immunization with fragments of the B4 Domain, and the isolation 
of short peptides of the B4 Domain. 

Applicants respectfully traverse the rejection. The claims have been amended to recite 
"a portion of D4B C said portion defined by a portion of the B'-C loop of D4B C and a groove defined 
by the B'-C, F'-G' loops and the N-terminal section of D4B C ." Applicants respectfully submit that 
the amendments to the claims, which recite that the claimed structure is "a portion of D4B C " and 
distinguish the claimed invention over the prior art. Specifically, the common meaning of "portion" 
is "a section or quantity within a larger thing; a part of a whole." Further, the term "domain," as 
applied to the cytokine receptor would itself be understood to be a region of the cytokine receptor — 
not the whole receptor. 

The cited prior art does not disclose, expressly or inherently, the claimed three- 
dimensional region (identified as loops and grooves) of the portion of the D4B C essential for 
defining the domain area which binds to at least one cytokine that is capable of transducing a 
cytokine signal through a receptor. Therefore, the cited art fails to teach or suggest each and every 



Available at http://dictionarv.reference.com/search?q=portion (last visited October 3, 2005). 
3 Domain is defined as "any of the three-dimensional subunits of a protein that together make up its tertiary structure, 
that are formed by folding its linear peptide chain, and that are variously considered to be the basic units of protein 
structure, function, and evolution." Definition of "domain" available at 
http :// dictionary.reference. com/ search?q=domain (last visited October 3, 2005). 



{W:\03991\000j678us0\00540120.DOC *03991000J678US0* } 14 



Application No.: 09/913,419 



Docket No.: 03991/000J678-US0 



aspect of the claimed invention. Accordingly, Applicants respectfully request that the Examiner 
withdraw the above rejection. 

Claims 1-6, 8, 9, 10-11, and 32-35 are rejected under 35 U.S.C. § 102(b) as being 
anticipated by Woodcock et al. (Woodcock). Specifically, the Examiner contends that the reference 
discloses using specific antibodies which immunoprecipitate the B c chain of the IL-3 receptor (64 
Domain) which binds to at least one cytokine selected from GM-CSF, IL-3 and IL-5 and for affinity 
purification of the fi c region. 



relation to the '2 15 patent noted above. Woodcock does not teach or suggest the structure of the 
specific portion of the D46 c essential for defining the domain area which binds to at least one 
cytokine that is capable of transducing a cytokine signal through a receptor. Accordingly, . 
Applicants respectfully request that the Examiner withdraw the rejection. 



file history of this application. In view of the above amendments, Applicants believe the pending 
application is in condition for allowance. The Examiner is invited to contact the undersigned with 
any questions or to resolve any points so as to facilitate allowance. Reconsideration of the pending 
application and allowance of the claims is respectfully solicited. 



The present invention distinguishes over the prior art for at least those reasons noted in 



CONCLUSION 



Applicants respectfully request entry of the foregoing amendments and remarks in the 



Dated: October 6, 2005 




Registration No. : 51,619 
DARBY & DARBY P.C. 
P.O. Box 5257 

New York, New York 10150-5257 
(212) 527-7637 
(212) 527-7701 (Fax) 
Attorneys/Agents For Applicant 
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EBI Dbfetch 

ID HSGMCS01 standard; mRNA; HUM; 2996 BP. 
XX 

AC M59941; M38275; 
XX 

5V M59941..1 
XX 

DT 01-AUG-1991 {Rel. 28, Created) 

DT Ol-JtlL-1999 (Rel. 60, Last, updated, Version 3) 
XX 

DE Human GM-CSF receptor beta chain mRNA, complete cds. 

XX 

KW cytokine receptor; GM-CSF receptor; growth factor receptor; 

KW lymphokinc receptor. 

xx 

OS Homo sapiens (human) 

OC Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostoini; Mammalia; 

OC Eutheria; Euarchontoglires; Primates; Catarrhini; Hominidae; Homo. 

xx 

RN [1] 

RP 1-2996 

RX PUHMKD; 1102217. 

RA Hayashida K. , Kitamura T. , Gorman D.M., Aral K. , Yokota T., Miyajima A.; 

RT "Molecular cloning of a second subunit of the receptor for human 

RT granulocyte-macrophage colony-s LimulaLing factor (CM-CS^) : reconstitution 

RT of a high-affinity GM-CSF receptor"; 

RL Proc. Natl. Acad. Sci. U.S.A. 87 (24) : 9665-9659 (1990) . 
XX 

RN [2] 

RP 1-2996 

RA Kitamura 

RT ; 

RL Submitted (06-FEB-1991) to ths EMBL/GcnBank/DDBJ databases. 

RL Toshio Kitamura, Department of Molecular Biology, DNAX Research Institute 

RL of Molecular and Cellular Biology, 901 California Avenue, Palo Alto, CA 

RL 94304-1104*, USA 

XX 

DR GDB; GDB: 126838. 

DR GDB; GDB: 4572177 . 

UR GDB; GDB: 4590488. 
XX 

CC On May 16, 1994 this sequence version replaced gi: 183367. 
XX 

FH Key Location/Qualifiers 
FH 

FT source 1. .2996 

FT /db xref=" taxon:9606 " 

FT /mol^ype-'^NA" 

FT /organism- 3 "Homo sapiens" 

FT sig_peptide 29.. 172 

FT CDS 29.. 2722 

FT /codon_start=l 

FT /db xref=" GOA:P32927 " 

FT /db xref=" Genew:2436 " 

FT /db xref=" IntorPro:IPR000292 " 

FT /db xref"" InterPro:lPR002996 n 

FT /db xref="l nterFro:lPR003531 ,T 

FT /db_xref-" InterPro:IPR003961 ,T 

FT /db xref="InLerPro:IPR008957 ,T 
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pr /db_xref-"PDB: 1C8P" 

UT /db_x re f°" PDB: 1EGJ " 

FT /db xref«" Pnn:.lGH7 " 

FT /db_xref""UniProt/Swiss-Prot:P32927" 

ut /product»"GM-CSF receptor beta chain" 

FT /protein_.id°" AAAl8171 . 1 " 

FT Vtranslation^'WLAQGLLSt^I^OTERSl^GAEETIPLQTL^CYNDYTSHITC- 

*T RWADTQDAQRLVNVTLIRRVNEDLLEPVSCDLSDDMPWSACPHPRCVFRRCVIPCQSFV 

FT VTDVDYFSFQPDRPT.GTRT.TVTLTQHVQPPEPRDLQISTDQDHFLLTWSVALGSPQSHW 

FT LSPGDLEFEWYKRLQDSWEDAAILLSNTSQATrjGPEIILMPSSTYVARVRTRTiAPGSRI* 

FT SGRPSKWSPEVCWDSQPGDEAQPQNLECFFDGAAVLSCSWEVRKEVASSVSFGLFYKPS 

FT PDAGEEECSPVLREGLGSLHTRHHCQIPVPDPATHGQYIVSVQPRRAEKHIKSSVNIQM 

FT APPSLNVTKDGDSYSLRWETMKMRYEHIDHTFEIQYRKDTATWKDSKTETLQNAnSMAL 

FT PALEPSrRYWARVRVR^SRTGYHGIWSEWSEARSWDTESVLPMWVLALIVIFLTIAVLL 

ET ALRFCGIYGYRLRRKWEE^KIPNPSKSHLFQNGSAELWPPGSMSAFTSGSPPHOGPWGSR 

FT FPELEGVFPVGFGDSEVSPLTIEDPKHVCDPPSGPDTTPAASDLPTEQPPSPQPGPPAA 

FT SHTPEKQASSFDFNGPYLGPPHSR5LPDILGQPEPPQEGGSQKSPPPGSLEYLCLPAGG 

FT QVQLVPLAQAMGPGQAVEVERRPSQGAAGSPSLESGGGPAPPALGPRVGGQDQKDSPVA 

FT IPMSSGDTEDPGVASGYVSSADLVFTPNSGAS5VSLVPSLGLPSDQTPSLCPGLASGPP 

FT GAPGPVKSGFEGYVELPPIEGRSFRSPRMNPVPPEAKSPVLNPGERPADVSPTSPQPEG 

FT LLVLQQVGD YC FLPGLGPGPLSLRSKPS S PG PG PEIKNLDQAFQVKKP PCQAVPQVPVI 

FT QI,FKA7^KQQnYT.ST,PPWRVNKPGRVC n 

FT mat_peptide 173.. 2719 

FT /producC="GM-CSF receptor beta chain" 

XX 

SQ Sequence 2996 BP; 591 A; 1017 C; 857 G; 531 T; 0 other; 

gcctgcctgt ccagagctga ccagggagat ggtgctggcc caggggctgc tctccatggc 60 

cctgctggcc ctgtgctggg agcgcagcct ggcaggggca gaagaaacca tcccgctgca 120 

gaccctgcgc tgctacaacg actacaccag ccacatcacc tgcaggtggg cagacaccca 180 

ggaUgcccag cggctcgtca acgtgaccct cattcgccgg gtgaatgagg acctcctgga 240 

gccagtgtcc tgtgacctca gtgatgacat gccctggtca gcctgccccc atccccgctg 300 

cgtgcccagg agatgtgtca ttccctgcca gagttttgtc gtcactgacg ttgactactt 360 

ctcal'-liotiaa ccagacaggc ctcLgggcac ccggctcacc gtcactctga cccagcatgt 420 

ccsgcctcct gagccoaggg acctgt:agal: cagoaocgac c:aggaccacL LcetgcLgac 480 

ctggagtgtg gcccttggga gtccccagag ccactggttg tccccagggg atctggagtt 540 

tgaggtggtc tacaagcggc ttcaggactc ttgggaggac gcagccatcc tcctctccaa 600 

cacctcccag gtcaccctgg ggccagagca cctcaLgccc agcagcacct acgtggcccg 660 

agtacggacc cgcctggccc caggttctcg gctctcagga cgtcccagca agtggagccc 720 

agaggtttgc tgggactccc agccagggga tgaggcccag ccccagaacc tggagtgctt 780 

ctttgacggg gccgccgtgc tcagctgctc ctgggaggtg aggaaggagg tggccagctc 84 0 

ggtctccttt ggcctattct acaagcccag cccagatgca ggggaggaag agtgctcccc 900 

agtgctgagg gaggggctcg gcagcctcca caccaggcac cactgccaga ttcccgtgcc 960 

cgaccccgcg acccacggcc aatacatcgt ctctgttcag ccaaggaggg cagagaaaca 1020 

cataaagagc tcagtgaaca tccagatggc ccctccatcc ctcaacgtga ccaaggatgg 1080 

agacagctac agcctgcgct gggaaacaat gaaaatgcga tacgaacaca tagaccacac 1140 

etttgsgatc cagl.acagga aagacacggc cacgliggaag gacagcaaga ccgagaccct 1200 

ccagaacgcc cacagcatgg ccctgccagc cctggagccc tccaccaggt actgggccag 1260 

ggtgagggtc aggacctccc gcaccggcta caacgggatc tggagcgagt ggagtgaggc 1320 

gcgctcctgg gacaccgagt cggtgctgcc Latgtgggtg ctggccctca tcgtgatctt 1380 

cctcaccatc gctgtgctcc tggccctccg cttctgtggc atctacgggt acaggctgcg 1440 

cagaaagtgg gaggagaaga tccccaaccc cagcaagagc cacctgttcc agaacgggag 1500 

cgcagagctt tggcccccag gcagcatgtc ggccttcact agcgggagtc ccccacacca 1560 

ggggccgtgg ggcagccgct tccctgagct ggagggggtg ttccctgtag gattcgggga 1620 

cagcgaggtg tcacctctca ccatagagga ccccaagcat gtctgtgatc caccatctgg 1680 

gcctgacacg actccagctg cctcagatct acccacagag cagcccccca gcccccagcc 1740 

aggcccgcct gccgcctccc acacacctga gaaacaggct tccagctttg acttcaatgg 1800 

gccclaccLg gggccgcccc acagccgctc cctacctgac atcctgggcc agccggagcc 1860 

cccacaggag ggtgggagcc agaagLcocc acr:lccaggg Lccctggagt acctgtgtct 1920 

gcctgctggg gggcaggtgc aactggtccc tctggcccag gcgatgggac cgggacaggc I960 

cgtggaagtg gagagaaggc cgagccaggg ggctgcaggg agtccctccc tggagtccgg 2040 

gggaggccct gcccctcctg ctcttgggcc aagggtggga ggacaggacc aaaaggacag 2100 

ccctgtggct atacccatga gctctgggga cactgaggac cctggagtgg cctctggtta 2160 

tgtctcctct gcagacctgg tattcacccc aaactcaggg gcctcgtctg tctccctagt 2220 

tccctctctg ggccLcccct cagaccagac ccccagctta tgtcctgggc tggccagtgg 2280 

accccctgga gccccaggcc ctgtgaagtc agggtttgag ggctatgtgg agctccctcc 2340 

aattgagggc cggtccccca ggtcaccaag gaacaatcct gtcccccctg aggccaaaag 2400 

ccctgtcctg aacccagggg aacgcccgqc agatgtgtcc ccaacatccc cacagcccga 2460 

gggcctcctt gtcctgt:agc aagLgggc^ga cLaLLgctLc ctccccggcc tggggcccgg 2520 

ccctctctcg ctccggagta aaccttcttc cccgggaccc ggtcctgaga tcaagaacct 2580 

agaccaggct tttcaagtca agaagccccc aggccaggct gtgccccagg tgcccgtcat 2640 

tcagctcttc aaagccctga agcagcagga ctacctgbct ctgcccccUU gggaggtcaa 2700 
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caagcctggg gaggtgtgtt gagaccccca ggectagaca ggcaagggga tggagagggc 2760 

ttgcctuccc tcccgcctga ccttcctcag teatttctge aaagecaagg ggcagcctcc 2820 

tgtcaaggta getagaggee tgggaaagga gatagecttg ctccggcccc cttgaccttc 2880 

agcaaatcac ttctctccct gcgctcacac agacacacac acacacacgt acatgcacac 2940 

atttttcctg tcaggttaac ttatttgtag gttctgeatt attagaactt tctaga 2996 

// 
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Molecular cloning of a second subunit of the receptor for human 
granulocyte-macrophage colony-stimulating factor (GM-CSF)- 
Reconstitute of a high-affinity GM-CSF receptor 

(cytokine receptor/hemopoietlc growth factor/hemopoiesfa gene family) 

Kitamura*, Daniel M. Gorman*, Ken-ichi W, Takashi YoKO TA t, 

♦Department of Molecular Biology, DNAX Research Institute of Molecular and Cellular Biology, 901 California Avenue Palo Alto CA uin*. «nH 
'Department of Molecular Biology, Institute of Medical Science, University of Tokyo. 4+1 ShWwiOT 

Communicated by George Pelade, September 7, 1990 

ABSTRACT Using the mouse interleukin 3 (IL-3) receptor 

cDNA as a probe, we obtained a homologous cDNA (KH97) 

from a cDNA library of a human hemopoietic cell line, TF-1. 

The protein encoded by the KH97 cDNA has 56% amino acid 

sequence identity with the mouse IL-3 receptor and retains 

features common to the family of cytokine receptors. Fibro- 
blasts transfected with the KH97 cDNA expressed a protein of 

120 kDa but did not bind any human cytokines, including IL-3 

and granulocyte-macrophage colony-stimulating factor (GM- 

CSF). Interestingly, cotr ansfection of cDNAs for KH97 and the 

low-affinity human GM-CSF receptor in fibroblasts resulted in 

formation of a high-affinity receptor for GM-CSF. The disso- 
ciation rate of GM-CSF from the reconstituted high-affinity 
receptor was slower than that from the low-affinity site, 
whereas the association rate was unchanged. Cross-linking of 
I-labeled GM-CSF to fibroblasts cotransfected with both 
cDNAs revealed the same cross-linking patterns as in TF-1 
cells— i.e., two major proteins of 80 and 120 kDa which 
correspond to the low-affinity GM-CSF receptor and the KH97 
protein, respectively. These results indicate that the high- 
affinity GM-CSF receptor is composed of at least two compo- 
nents in a manner analogous to the IL-2 receptor. We therefore 
propose to designate the low-affinity GM-CSF receptor and the 
KH97 protein as the a and /? summits of the GM-CSF receptor, 
respectively. 



All hemopoietic cells ultimately arise from self-renewing 
pluripotent hemopoietic stem cells which are produced con- 
tinuously in the bone marrow. Bone marrow stromal cells and 
a number of soluble factors, known as cytokines, play crucial 
roles in this process. Among these cytokines, interleukin 3 
(IL-3), also known as multi-colony-stimulating factor (multi- 
CSF), stimulates early progenitor cells and supports" the 
development of various cell lineages (1). While GM-CSF was 
initially defined as a factor that gives rise to granulocyte and 
macrophage colonies in vitro, recent evidence indicates that 
GM-CSF has broader biological activities, including stimu- 
lation of early hemopoietic progenitor cells and the develop- 
ment of other cell lineages (2, 3). 

The biological effects of both GM-CSF and IL-3 are 
mediated by specific cell surface receptors. The human 
GM-CSF (hGM-CSF) receptor, cloned by Gearing et al. (4), 
exhibits low-affinity binding for GM-CSF when expressed on 
COS7 cells. Although there is evidence indicating that GM- 
CSF induces tyrosine phosphorylation (5), no tyrosine kinase 
consensus sequence was found (4), It is likely that the 
functional high-affinity GM-CSF receptor is composed of 
multiple subunits. Both GM-CSF and IL-3 induce tyrosine 

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advertisement" 
in accordance with 18 U.S.C. 51734 solely to indicate this feet 



phosphorylation of a similar set of proteins (6-8) and they 
have overlapping biological activities (1-3). In addition, 
evidence indicates that the binding of hGM-CSF to its 
receptor is partially inhibited by human IL-3 (hIL-3) and vice 
versa (9-11). These results suggest that the hGM-CSF re- 
ceptor and the hIL-3 receptor may share a common compo- 
nent. 

Mouse IL-3 (mIL-3)-responsive cells express low- and 
high-affinity receptors for IL-3 (12-14). We recently isolated 
a cDNA (AIC2A) encoding a low-affinity mIL-3 binding 
protein which is a member of a recently identified cytokine 
receptor family (15). Although AIC2A does not contain a 
tyrosine kinase consensus sequence, AIC2A is a component 
of the high-affinity receptor (J. Schreurs and A.M., unpub- 
lished results). We also isolated a cDNA (AIC2B) which is 
highly identical (959$ at the nucleotide level) to the IL-3 
receptor cDNA (AIC2A) but is derived from a distinct gene 
(16). Despite its unusually high 'sequence identity with the 
IL-3 receptor, the AIC2B protein does not bind IL-3 and its 
function is currently unknown. 

In this report, we present the cloning of a human cDNA 
which has homology with the mIL-3 receptor cDNA.§ The 
protein encoded by the cloned cDNA alone did not bind any 
of the cytokines tested. However, it conferred high-affinity 
binding for hGM-CSF when cotransfected with the low- 
affinity hGM-CSF receptor cDNA. This result indicates that 
the cloned IL-3 receptor-like cDNA (KH97) encodes a sec- 
ond subunit of the high-affinity hGM-CSF receptor. 

MATERIALS AND METHODS 

Construction of cDNA Library and Isolation of cDNA 
Clones. Poly(A) + RNA isolated from TF-1 cells (17) was 
converted to double-stranded cDNA by using oligo(dT) prim- 
ers or specific primers corresponding to the cDN A sequence 
(Fig. 1). cDNA libraries were constructed either in the Agtll 
phage vector or the simian virus 40-based mammalian expres- 
sion vector pME18 (K. Maruyama and A.M., unpublished 
results). Using a 32 P-labeled mouse IL-3 receptor cDNA 
fragment (15) as a hybridization probe, we isolated a 3-kiIo- 
base (kb) human cDNA fragment (KH85) from the phage 
library under low-stringency conditions: hybridization at 
42°C with 6x SSPE (ix SSPE is 150 mM NaCI/100 mM 
NaH 2 P0 4 /l mM EDTA, pH 7.4) in the presence of 20% 
(vol/vol) formamide and washing at 50°C with 2x SSPE, 

Abbreviations: IL-2, IL-3, etc., interleukin 2, interleukin 3, etc.; 
GM-CSF, granulocyte-macrophage colony-stimulating factor; h-, 
human; m-, mouse. 

*To whom reprint requests should be addressed, 
*The sequence reported in this paper has been deposited in the 
GenBank data base (accession no. M38275). 
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Fig. 1. The cloned cDNA fragments. Typical cDNA fragments 
obtained by using specific oligonucleotide primers are shown as bars, 
with the unshaded portion indicating the noncoding regions. The 
locations of oligonucleotides used to prime the cDNA synthesis are 
shown as arrowheads A, B, and C. An oligonucleotide corresponding 
to the region D and the KH85 cDNA fragment were used to isolate 
these cDNA fragments. All the cloned DNA fragments had the same 
sequence except for small insertions and deletions as indicated by 118 
(an 18-base-pair insertion), 136 (a 36-base-pair insertion). D104 (a 
104-base-pair deletion), and D3 (a 3-base-pair deletion). The KH97 
cDNA was constructed with #180 (fragment a) f #16 (fragment b), 
and KH85 (fragment c) as indicated. SP and TM indicate the signal 
peptide and the transmembrane domain, respectively. Scale indi- 
cates 1 kilobase. 

The cDNA encoding the low-affinity hGM-CSF receptor 
was isolated by using the polymerase chain reaction primed 
with specific oligonucleotides corresponding to the 5' un- 
translated and the 3' untranslated regions of the published 
sequence (4). The cloned DNA fragment was sequenced to 
confirm the identity of the cDNA. 

Transfection. Five micrograms of either individual plasmid 
DNA or a combination of two plasmid DN As was transfected 
into semiconfluent COS-7 cells (African green monkey kid- 
ney cells expressing the T antigen of simian virus 40) by the 
DEAE-dextran method as described previously (18). Three 
days after transfection, COS-7 cells were harvested and 
analyzed by ligand binding assays or chemical cross-linking 
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experiments. NIH 3T3 mouse cells were stably transfected, 
using the neo gene as a selection marker, by the calciuni 
phosphate procedure (19). Stable transfectants were selected 
with G418 at 1 mg/ml. 

Radioiodinatlon of hGM-CSF and Binding Experiments. 
Escherichia co/i-derived hGM-CSF iodinated with Bolton- 
Hunter reagent ( I25 I-GM-CSF) was used for binding assays as 
described previously (20). Dissociation constants were ob- 
tained by the ligand program (21). Chemical cross-linking 
was performed with 0.2 mM disuccinimidyl suberate on 
transfected COS-7 cells (10* cells) or NIH 3T3 stable trans- 
fectants (3 x 10 6 cells) preincqbated with 4 nM 125 I-GM-CSF. 
Proteins were analyzed as described previously (20). 

RESULTS 

Isolation and Characterization of a Human cDNA Homolo- 
gous to the mIL-3 Receptor cDNA. Using the mIL-3 receptor 
cDNA as a probe, we screened a cDN A library made from a 
human erythroleukemic cell line, TF-1, which responds to 
multiple human factors, including IL-3, IL-4, IL-5, GM-CSF, 
and erythropoietin (17). A cDNA clone (KH85) homologous 
to the mIL-3 receptor cDN A (approximately 70% identical at 
the nucleotide level) was obtained from about 4 x 10 5 
independent clones. This clone lacks about 600 bases from its 
5' end compared with the sequence of the mouse cDNA. We 
therefore prepared cDNA libraries by using specific primers 
based on the KH85 sequence and screened these libraries 
with the KH85 probes (Fig, 1). We found only one type of 
cDNA among 26 positive clones analyzed. Although several 
cDNAs with an insertion and/or a deletion were isolated 
(Fig. 1), these cDNAs seemed to be created by alternative 
splicing rather than encoded by a distinct gene, because the 
insertions and deletions were found at sites corresponding to 
the exon-intron junctions of the mouse AIC2 genes (D.M.G., 
unpublished results). We reconstructed a cDNA (KH97) 
encoding the entire protein (Fig. 1) and used this for further 
studies. 

Comparison of the amino acid sequence encoded by the 
KH97 cDNA with that of the AIC2A and AIC2B proteins 
showed 56% and 55% identity, respectively (Fig. 2). The 
homology was distributed throughout the coding region in 
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Fig. 2. Comparison of amino acid sequence of KH97 with the mouse A1C2A and AIC2B proteins. Asterisks on the mouse A1C2A and AIC2B 
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both cases. The AIC2B protein has an extra 18 amino acids 
at the C terminus compared with the mIL-3 receptor 
(AIC2A), and the KH97 protein also has the extra 18 amino 
acids (Fig. 2). Because of the high sequence similarity 
between AIC2A and AIC2B (16), it is not clear to which of the 
mouse genes the KH97 cDNA corresponds. 

The KH97 mRNA was detected in the myelogenous leu- 
kemic cell lines TF-1 and KG1 but not in the NK cell line YT 
or the mouse IL-3- and GM-CSF-dependent cell line PT18 
under stringent hybridization conditions (Fig. 3). 

Expression of KH97 in COS-7. A transient expression 
system using COS-7 cells was used to evaluate expression of 
the KH97 cDNA. Because of its extensive sequence simi- 
larity to the mIL-3 receptor cDNA, we examined whether 
hIL-3 could bind to COS-7 cells transfected with the KH97 
cDNA. Using up to 20 nM l2s I-hIL-3, we could not detect any 
specific binding. We also constructed full-length cDNAs of 
KH97 variants (Fig. 1), which were presumably derived from 
alternative splicing, and tested the binding of hIL-3 to trans- 
fected COS-7 cells. However, we did not find any specific 
binding. We then examined the binding of other cytokines. 
However, hIL-2 (1 nM), hIL-4 (1 nM), hIL-5 (5 nM), hGM- 
CSF (20 nM), and human erythropoietin (10 nM) all showed 
no specific binding to KH97-transfected COS-7 cells at the 
indicated concentrations. To exclude the possibility that 
COS-7 cells failed to express the protein encoded by the 
KH97 cDNA, we prepared antibodies against a peptide 
encoded by the KH97 cDNA and used them to detect the 
KH97 cDNA-encoded protein in COS-7 cells. Western blot- 
ting using anti-peptide antibodies confirmed the expression of 
a 120-kDa protein in the KH97 cDNA-transfected COS-7 
cells, (data not shown). We therefore concluded that the 
KH97 protein did not bind any cytokines examined when 
expressed in COS-7 cells. 

? Cotransfection of the KH97 cDNA and the GM-CSF Recep- 
tor cDNA. Although the KH97 protein did not bind any of the 
cytokines we examined, there still remained the possibility 
that it is a component of another known or unknown cytokine 
receptor. It . has been shown that the £ chain of the IL-2 
receptor does not bind IL-2 when expressed in COS-7 cells, 
but it does bind IL-2 with intermediate affinity in Jurkat cells 
(22). Furthermore, coexpression of the low-affinity IL-2 
receptor (a chain) and the 0 chain forms a high-affinity 
binding site (22). These observations indicate that the binding 
of a ligand to its receptor can be determined by the interaction 
of multiple proteins. Combining this idea with the observa- 
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Fig. 3. Northern blotting of poly(A) + RNA from various cell 
lines. Three micrograms of each poly(A) + RNA was electrophoresed 
on a \% agarose gel, transferred to a nitrocellulose membrane, and 
hybridized with the 32 P-labeled KH97 cDNA; Lane 1, TF-1; lane 2, 
KG-1; lane 3, YT} and lane 4, PT18. Sizes are given in kb. 
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tion that the IL-3 and GM-CSF receptors may share a 
common element (9-11), we considered the possibility that 
the KH97 protein is a subunit of the hGM-CSF receptor. To 
examine this possibility, we cotransfected the KH97 cDNA 
with the low-affinity GM-CSF receptor cDMA (4). 

We examined the equilibrium binding of hGM-CSF to 
COS-7 cells transfected with the hGM-CSF receptor cDNA, 
the KH97 cDNA, <jr a combination of these cDNAs (Fig. 4). 
The hGM-CSF receptor expressed exclusively low-affinity 
binding sites (K d = 3.2 nM) as reported by Gearing et ai (4), 
whereas the KH97 protein alone did not express any detect- 
able binding for GM-CSF. However, cotransfection of these 
two cDNAs resulted inthe expression of both high- (120 pM) 
and low- (6.6 nM) affinity binding sites. 

The same results were obtained with stable transfectants of 
NIH 3T3 cells (Fig. 4): hGM-CSF receptor cDNA-transfected 
NIH 3T3 cells bound hGM-CSF with K d « 2.7 nM, whereas the 
NIH 3T3 transfected with both the hGM-CSF receptor and the 
■ KH97 cDNAs bound hGM-CSF with = 170 pM. Because of 
the low expression of the low-affinity hGM-CSF receptor 
compared with the KH97 protein in this NIH 3T3 transfectant, 
ho statistically significant low-affinity binding site was found by 
using the ligand program {21). Again no specific binding of 
hGM-CSF was detected in the cells transfected with the KH97 
cDNA alone. 

In both COS-7 and NIH 3T3 cells, binding of 125 I-hGM- 
CSF was blocked by hGM-CSF but not by'hIL-3. In addition, 
cotransfection of the KH97 cDNA with the human IL-2 
receptor a chain cDNA or the human IL-4 receptor cDNA 
did not change the binding affinity of their respective ligands. 
Cotransfection of the cDN As encoding the low-affinity hGM- 
CSF receptor with that for the IL-2 receptor 0 chain, the IL-4 
receptor, mouse AIC2A, or AIC2B also did not change the 
affinity for hGM-CSF. Thus, formation of the high-affinity 
GM-CSF receptor is specific to the combination of the 
low-affinity GM-CSF receptor and the KH97 protein. 

We then analyzed the binding kinetics to determine 
whether the high-affinity binding of hGM-CSF to cotrans- 
fected cells was due to an increased rate of association or a 
decreased rate of dissociation. As shown in Fig. 5, GM-CSF 




bound pM 

Fig. 4. Binding of 125 I-hGM-CSF. (A) Duplicate suspensions of 
2 x 10 5 COS-7 cells transiently transfected with the hGM-CSF 
i^ceptor and KH97 cDNAs were used .for 125 I-hGM-CSF binding 
assays. (B) Duplicate suspensions of NIH 3T3 stable transfectants (5 
x 10* cells) were used for binding assays. Binding assays were 
performed at 4°C, o. Cells transfected with the hGM-CSF receptor 
cDNA and the vector DNA. Cells cotransfected with the hGM- 
CSF receptor cDNA and the KH97 cDNA. Scatchard plots of the 
binding data are shown; (insets) Equilibrium binding profiles. 
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vt Fic. 5. Kinetics of binding of 125 I-hGM-CSF to the receptor. 04 ) 
Association rate. NIH 3T3 stable transfectants were incubated with 
200 pM 125 I-hGM-CSF at 4°C for various times and the cell-bound 
radioactivity was measured. (B) Dissociation rate. A 200-fold excess 
of unlabeled hGM-CSF was added to the NIH 3T3 stable transfec- 
tants, which were preincubated with 200 pM l25 I-hGM-CSF for 4 hr 
at 4°C, and the residual cell-bound radioactivity was then measured 
at various times at 4°C. o, NIH 3T3 cells expressing the low-affinity 
hGM-CSF receptor. NIH 3T3 cells expressing both the hGM-CSF 
receptor and the KH97 protein. 

binding increased with similar kinetics in both hGM-CSF 
receptor cDNA-transfected cells and cotransfected cells. In 
dissociation experiments, the addition of unlabeled hGM- 
CSF to ceils preequilibrated with ^I-hGM-CSF led to the 
rapid release of radioligand from the hGM-CSF receptor- 
transfectantsCri/j - 2 min), and a slow release (fy 2 = 290 min) 
from the cells expressing both proteins. These results indi- 
cate that the high-affinity binding of hGM-CSF to the co- 
transfected cells is due to the slow dissociation of hGM-CSF 
from the receptor. 

Cross-Linking of hGM-CSF to the KH97 Protein. To test if 
the KH97 protein actually binds hGM-CSF when coex- 
pressed with the low-affinity hGM-CSF receptor in COS-7 or 
NtH 3T3 cells, we performed chemical cross-linking exper- 
iments using 125 I-hGM-CSF (Fig. 6). Cross-linking of r25 I- 
hQM-CSFtothe low-affinity hGM-CSF receptor-expressing 
cells showed only one band of 95 kDa (Fig. 6B, lane 5), 
whereas no specific band was detected in cells expressing 
only the KH97 protein (Fig. 6£, lane 9). However, cross- 
linking of the cells expressing both proteins revealed three 
bands, of 95, 135, and 210 kDa (Fig. 6B, lane 6). This 
cross-linking pattern was identical to that obtained with TF-1 
cells (Fig. 6B t lane 10). These bands were not detected when 
cross-linking was performed in the presence of an excess of 
unlabeled hGM-CSF (data not shown). Subtraction of the 
molecular mass of hGM-CSF from the molecular mass of the 
cross-linked proteins results in calculated masses of 80, 120, 
and 195 kDa, which correspond, respectively, to the low- 
affinity hGM-CSF receptor, the KH97 protein, and possibly 
a complex of the two* Similar results were obtained with NIH 
3T3 transfectants (Fig. 6B, lanes 1-4). 

Cross-linking of hGM-CSF to the KH97 protein was fur- 
ther confirmed by making cytoplasmic domain deletion mu- 
tants of KH97 (Fig. 6A). Deletion mutants of the KH97 cDN A 
were cotransfected with the low-affinity hGM-CSF receptor 
cPNA into COS.7 cells. Whereas the band at 95 kDa was not 
changed, the band at 135 kDa was shifted to lower molecular 
masses in cells transfected with these deletion mutants (Fig. 
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. Fic. 6. Expression of GM-CSF receptors oh COS-7 cells and 
NIH 3T3 cells. (A) Structure of the cDNAs encoding the KH97 
protein and its deletion mutants. KH114 is truncated at theflffl II site 
and KH112 is truncated at the Fsp I site (Fig, 1). (B) Cross-linking 
of ^l-hGM-CSF to the transfected COS-7 cells or NIH 3T3 stable 
transformants. Lanes 1-4, NIH 3T3 cells; lanes 5-9, COS-7 cells. 
Cells were transfected with the following: lane 1, mock transfection; 
lane 2, GM-CSF receptor cDNA; lane 3, KH97 cDNA; lane 4, 
GM-CSF receptor cDNA and KH97 cDN A; lane 5. GM-CSF recep- 
tor cDNA; lane 6, GM-CSF receptor cDNA and KH97 cDNA; lane 
7, GM-CSF receptor cDNA and KH114 cDNA; -lane 8, GM-CSF 
receptor cDNA and KH112 cDNA; and lane 9, KH97 cDNA. Lane 
10, cross-linking with TF-1 cells. Specific bands detected in COS-7 
cells transfected with deletion mutants are marked by dots (lanes 
6-8). Protein masses are given in kDa. 

6i lanes 6-8, marked by dots). The shift of the molecular mass 
was consistent with the shift of the bands revealed by 
Western blotting using anti-peptide antibodies against the 
KH97 protein (data not shown). These results clearly indicate 
that the KH97 protein is cross-linked with hGM-CSF when 
coexpressed with the low-affinity hGM-CSF receptor. In 
addition, this experiment demonstrates that formation of the 
high-affinity receptor for hGM-CSF does not require the 
cytoplasmic domain of the KH97 protein, 

DISCUSSION 

Our results demonstrate that the low-affinity. hGM-CSF 
receptor together with the KH97 protein forms a high-affinity 
receptor for hGM-CSF. this is analogous to the formation of 
a high-affinity receptor for IL-2 by coexpression of the a and 
/3 chains of the IL-2 receptor. The a chain of the IL-2 receptor 
binds IL-2 with low affinity (23, 24), whereas the /3 chain by 
itself does not bind IL-2 when expressed in COS-7 cells (22). 
However, coexpression of both chains leads to the formation 
of a high-affinity receptor, and both chains can be cross- 
linked with IL-2 (22). Because of similarity between the IL-2 
and the hGM-CSF high-affinity receptors, we propose to 
designate the low-affinity hGM-CSF receptor as the a chain 
and the KH97 protein as the /? 'chain of the hGM-CSF 
receptor. 

It is of particular interest that the KH97 cDN A was isolated 
on the basis of its homology to the mIL-3 receptor. Among 
various cytokines the sequence conservation of IL-3 between 
mouse and human is unusually weak (only 29% identity at the 
amino acid level) (25). Nevertheless we were able to isolate 
a human cDNA which was homologous (56% identity at the 
amino acid level) to the mIL-3 receptor cDNA. However, as 
described above, we were unable to demonstrate IL-3 bind- 
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ing to the KH97 protein expressed on fibroblasts. Recently, 
if we isolated a second mouse gene (AIC2B) which is highly 
homologous to the mIL-3 receptor gene (AIC2A), but the 
* AIC2B protein does not bind mIL-3 (16). One possibility is 
th§t the KH97 protein is the human protein corresponding to 
the mouse AIC2B protein and therefore cannot bind IL-3. If 
this is the case, there may exist an AIC2A-like human protein 
which binds hIL-3. To address this question we have exten- 
sively searched for additional cDNA clones which might 
hybridize with either the mouse AIC2A or the human KH97 
cDNA probe. However, we could not find any cDNA that is 
homologous to, yet distinct from, the KH97 cDNA. Since the 
abundance of the AIC2B mRNA is generally higher than that 
of the AIC2A (mIL-3 receptor) mRNA in mouse (16), the 
failure to identify the hIL-3 receptor cDN A may be due to its 
low abundance. 

Another possibility is that, unlike mice, humans do not 
have two homologous genes. In this case, the IL-3 binding 
protein, like IL-3, may have only weak conservation between 
human and mouse. Alternatively, the KH97 protein may be 
a component of both the hIL-3 and hGM-CSF receptors. IL-3 
and GM-CSF induce tyrosine phosphorylation of similar sets 
of proteins (5) and they have overlapping biological activities 
(1-3). In addition, binding of hGM-CSF to its receptor is 
partially blocked by hIL-3 and vice versa (9-11), although 
IL-3 and GM-CSF have no structural homology. The KH97 
protein may be shared between the hIL-3 receptor and the 
h($M-CSF receptor— i.e., the KH97 protein forms the high- 
affinity receptor for hGM-CSF with the a chain of the 
hGM-CSF receptor and it also forms the high-affinity recep- 
topifor hIL-3 with an unidentified protein which may or may 
n^bind hIL-3 by itself. If this is the case, the cross- 
competition as well as overlapping biological activities of the 
two factors may be explained. It is of interest that no 
cross-competition of binding between mIL-3 and mGM-CSF 
has yet been reported, If the AIC2A protein forms the 
high-affinity mIL-3 receptor with an unidentified protein and 
the AIC2B protein is the p chain of the mGM-CSF receptor, 
then there may be no cross-competition between mouse 
factors. As the mouse low-affinity receptor for GM-CSF has 
not yet been isolated, at present we are not able to test this 
hypothesis by using cotransfection with either the AIC2A or 
the AIC2B cDN A. We have examined the possibility that the 
low-affinity hGM-CSF receptor may form a high-affinity 
receptor with either the mouse AIC2A or the AIC2B protein; 
however, none of these combinations resulted in high-affinity 
binding with either mouse or human GM-CSF, If there is 
another human AIC2 homologue which binds hIL-3 in a 
manner analogous to mouse AIC2A, cross-competition be- 
twejen'hIL-3 and hGM-CSF may occur due to another shared 
component. If this component is present abundantly in 
nWuse, cross-competition may not be observed. In any case, 
it js important to find whether humans have two AIC2 
hotnologues and also whether mouse AIC2B is the 0 chain of 
the mGM-CSF receptor. 

Neither the a nor the 0 chain of the GM-CSF receptor has 
a tyrosine kinase consensus sequence, and GM-CSF did not 
induce tyrosine phosphorylation in the NIH 3T3 transfec- 
tants expressing the a and fi subunits of the GM-CSF 
receptor (T.K., unpublished data), yet GM-CSF induces 
tyrosine phosphorylation in hemopoietic cells (5). Thus, 
signal transduction through the GM-CSF receptor must re- 
quire additional component(s). To understand the molecular 
mechanisms of signal transduction it is of particular impor- 
tance to identify those additional component(s) required for 
signal transduction. 

During the preparation of this manuscript, Metcalf et al 
(26) reported that transfection of the a subunit of hGM-CSF 
receptor cDNA in a mGM-CSF-dependent mouse cell line 
resulted in only low-affinity binding for hGM-CSF and a high 
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concentration of hGM-CSF stimulated proliferation. Inabil- 
ity of the human or subunit to form a high-affinity receptor in 
mouse cells is consistent with our result that cotransfection 
of the human a subunit cDNA and the mouse AIC2A or 
AIC2B cDNA did not result in a high-affinity binding for 
hGM-CSF in COS-7 cells. However, the mechanism by 
which the low-affinity hGM-CSF receptor transmits a growth 
signal remains unclear. 
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